The Indonesian sugarcane production in the dryland was not optimal due to physiological stress. The research to improve their physiological characteristics by arbuscular mycorrhizal application was conducted at inceptisol soil from April 2014 to February 2015, using factorial completely randomized design. The first factor was clones PS864, Kidangkencana, PS881, Bululawang, and VMC, whereas the second factor was timing of arbuscular mycorrhizal inoculum applications i.e.: in the field, nursery, and control. The results show that the mycorrhizal application in the nursery significantly increased the infection percentage (41.3%) at the age of 1 week after transplanting to the field. There are differences in physiological and growth performance of clones by the effect of timing of mycorrhizal application. Bululawang with mycorrhizal application in the nursery stage tended to have better physiological performance such as chlorophylls a, b, and total chlorophyll, photosynthesis rate, intercellular CO 2 concentration, leaf area, as well as the weight of stem biomass. Mycorrhizal application in the nursery stage showed the highest increase of net assimilation rate on the PS864 and, BL clones, and the highest crop growth rate on the PS864, KK and BL clones. The mycorrizal inoculum application in the nursery increased the biomass weight of stem (11-61.1%). Infection percentage of mycorrhiza was positively correlated with the biomass weight with r 2 values of 0.54.
Introduction
During the last 15 years, Indonesian sugarcane area has been shifting from fertile to marginal land particularly dry land. The percentage of dry land area reaches 60% of the total sugarcane area at national level (Central Bureau of Statistics, 2013) . The constraint of growing sugarcane in dryland is its high dependence on seasons which provide sufficient rainfall and humidity of the soil (Gana, 2011; Hongwei et al., 2000) . millable cane on sandy soils. Therefore, raising the productivity of dry land for sugarcane becomes strategic to increase national production by adopting new technology.
It is well known that traditionally sugarcane was cultivated by using whole stems directly planted in the field. The disadvantage of this technique was it required plenty of materials, i.e. 6-8 tons of cuttings/ha (Omoto et al., 2007) but produced few productive shoots, in some cases only 2 stems per clump (Natarajan, 2011) .
Efforts were made to improve sugarcane productivity in the dryland by adopting the transplanting technique of bud chip seedling (Goud, 2011; Kumar & Suresh, 2011) and inoculation of arbuscular mycorrhiza (Surendran & Vani, 2013) . The system of seedling transplantation shortens the age of plants in the field by one month compared with that of a conventional system so that late harvest can be avoided (Jain et al., 2010) . The role of mycorrhiza in increasing the sugarcane yield is by increasing the number of shoots per clump, stem height and stem diameter, and improving the soil pH (pH 6.4-6.9) (Fundora et al., 2008) . Additionally, the role of mycorrhiza is to increase the existence of quality soil microbes, thus increasing the colonization (Douds et al., 2014) .
In the drylands where soil humidity and nutrient element are limited, plants with a better rooting system are needed to effectively absorb nutrients. The absorption of P element in the roots that happens in a symbiotic form with mycorrhiza is 3-5 times higher than that of without mycorrhiza (S. E. Smith & F. A. Smith, 2012) . Greater absorption rate by the rooting volume and the protein system of the root cell leads to greater availability and absorption of P (Schachtman et al., 1998) . The mycorrhizal induced small secreted protein 7 (MiSSP7) found in the roots is known to be a signal of protein symbiosis in the host's roots (Plett et al., 2011) .
The bud chip seedling transplantation with mycorrhiza is expected to improve sugarcane growth in drylands. However, the effect of the timing of AMF inoculum application on the physiology of sugarcane is not yet known. In several studies, the application of mycorrhiza has been done concurrently with basic fertilization. Rani et al. (2013) showed that the application of mycorrhiza in combination with organic fertilizers produced higher sugarcane's sucrose and sugar. Serna-Cock et al. (2011) reported that the application of microorganism (Azospirillum sp) as a basic fertilizer on sugarcane increased stem diameter (22.3%), root length (42.42%), and number of roots (33.3%) at the age of 45 days after application. Therefore, a study on the effect of arbuscular mycorrhiza inoculum application times, which means in the nursery and the field on the physiology of sugarcane plants with bud chip seedling transplantation in dryland, is deemed necessary.
Materials and Methods

Plant Culture and Treatments
The research was carried out in sandy soil of dry land of Harjobinangun village of Pakem, district of Sleman, Yogyakarta Special Province, Indonesia, 600 m above sea level from April 2014 to February 2015. The geographical positions of the research site were 77.66708º SL and 110.42011º EL, whereas the highest and the lowest temperatures were 32 ºC and 18 ºC respectively.
The experiment was conducted at a farmer's field using Factorial Completely Randomized Design. Factor I of sugarcane clones consisted of PS864, Kidang kencana (KK), PS881, Bululawang (BL), and VMC. Factor II of AMF inoculum application times consisted of application in the nursery (MN), application in the field (MF), control (without application of mycorrhiza) (NM). The number of propagules used for each treatment combination was 50 single buds. In the application of mycorrhiza inoculum in the nursery, the seedlings were inoculated with AMF inoculum shortly after the bud chips were placed into polybags in the nursery. During the mycorrhizal application in the field, the seedlings were inoculated with AMF inoculum soon as it was moved into a larger polybag (45 × 45 cm) in the field. The AMF inoculum dose was 1 gram of zeolite granular every polybag.
The experiment was conducted by raising seedlings of bud chips in 8 × 12 cm polybags consisting of five sugarcane clones with 50 polybags per unit of treatment which was replicated 4 times. The 40 day-old-seedlings in the seedbeds were transplanted to the field using soil as media in large polybags (45 × 45 cm). The plants were maintained by fertilizing, weeding, and earthing up. The fertilizers used were ZA for N, SP-36 for P, and KCl for K sources. The N dose was 2 g/plant given during transplantation as much as 0.67 gram and 1.3 g at the age of 60 days. P and K doses of 1 g per plant were given during seedling transplantation. Weeding was done at the age of 30 days after transplantation.
The arbuscular mycorrhizal fungi (AMF) inoculum was propagated in zeolite granular media. The AMF was obtained by collecting the fungi from various regions on Java Island of Indonesia. The number of mycorrhizal spores applied was 358 spores per 100 gram media. Some genera of AMF obtained from isolation were Glomus sp., Funneliformis sp., Acaulospora sp., Gigaspora sp., and Scutellospora sp. The soil type of research was inceptisol with the soil physicochemical properties included pH of H 2 O 6.80, C organic 1.74%, cation exchange capacity 6.69 cmol (+)/kg, total N 0.10%, available of P 4.25 ppm, texture (sand, clay, and dust by 65.22, 12.16, and 22.62% respectively).
Measurements
The parameters observed were percentage of infection, photosynthetic rate (Pn), intercellular CO 2 concentration (Ci), chlorophyll content, leaf area, net assimiliaton rate (NAR), crop growth rate (CGR), and biomass weight. The infection percentage was measured by using modified Clearing and Staining (Kormonik & McGrow, 1982) . Sixty root cuttings (1 cm) per treatment unit were randomly chosen from the sample plants. Observation was done from the first to the eleventh week after transplantation.
The photosynthetic components such as Pn and Ci were measured by using portable photosynthetic analyzer of Licor 6400 (LI-Cor. Inc. Lincoln, Nebraska, USA). Observation was done at the age of 5 weeks after transplantation with three plant samples per treatment unit. Measurement of chlorophylls a, b, and total was done by using Winterman and Demonts method (1964) with the observation time at the age of 5 weeks after transplantation.
The leaf area was measured at the age of 5 weeks after transplantation from the sample plants using leaf area meter in the plant production laboratory of the Faculty of Agriculture, Universitas Gadjah Mada (UGM). The leaves were separated from the leaf-stalk, and cut (15 cm). Net asimilation rate (NAR) and Crop growth rate (CGR) observation were done using Blacman formula (1919) . The weight of stem biomass was measured at the age of 7 months.
Data Analysis
The data were analyzed according to the intervals of observation with analysis of variance (ANOVA) of factorial CRD using SAS 9 program for Windows. If there was an interaction between factors, a comparison of the interaction effects was made. Otherwise, means of treatment effect were compared based on Duncan's multiple range test at p < 0.05.
Results
Percentage of Mycorrhizal Infection
The infection of arbuscular mycorrhiza on the sugarcane rooting system of bud chips in the field was significantly affected by the timing of mycorrhizal inoculum application. There was no difference in infection percentage of different clones and there was no interaction between AMF inoculum application times and clones on the infection percentage (Table 1) . Note. Number in the table represent the probability values; Analysis was performed on 40 roots for each root order per replicate.
The mycorrhizal application in the nursery accelerated and increased the colonization percentage significantly at the beginning of seedling transplantation in the field (Table 2 and Figure 1 ). Earlier inoculation especially at nursery provided an opportunity for the mycorrhizal fungi to colonize the roots soon. Note. The numbers followed by same letters in the same column are not significantly different based on Duncan's multiple range test at p < 0.05.
In the nursery mycorrhizal application, acceleration of the percentage of mycorrhiza infection reaches 41.3% at the age of 1 week after transplantation. In addition, this treatment also significantly increased the percentage of mycorrhiza infection in early transplanting (83.67%) ( Table 2 and Figure 1 ).
Figure 1. The percentage of mycorrhizal infection on BL clones under different AMF inoculum application timings
Note. The vertical line of the graph shows the individual distribution of treatment data p ≤ 0.05.
Mycorrhizal infection on the roots of sugarcane was rapid. In this experiment, at the age of 6 days after inoculation in the field, the colonization percentage reached 9.67%, which was significantly different from those without AMF inoculum (control).
However, with the increasing age of the plant (at the age of 7-11 weeks after transplantation), both treatments were not significantly different ( Table 2 ). The condition was identified from the forming of arbuslucar and vesicle with no difference on mycorrhiza applications in both the nursery and the field, except in the control (Figure 2 ). In the control, the percentage of mycorrhiza infection reached 55.33% (Table 2 and 
Physio
Phot
There was (Table 3) There was an interaction between AMF inoculum application times and clones on the intercellular CO 2 concentration (Ci) ( Table 3 ). The BL clone with the application in the nursery produced the highest Ci, which was significantly different from all combined treatments except for the same clone with the application in the field (Table 4) . 
Chlorophyll Content
The interaction of the timing of AMF inoculum application with the clone was shown to have an influence on chlorophylls a, b, and the total chlorophyll content of leaf (Table 4) . Only Bululawang (BL) clone with the application of mycorrhizae in the nursery stage has shown to have a higher content of chlorophylls a, b, and total chlorophyll compared to the control group.
The application of mycorrhizal inoculum which was applied in the nursery caused the content of chlorophylls a, b and total chlorophyll to be higher compared with application in the field. In addition, mycorrhizal inoculum that was applied in the field decreased the chlorophyll content significantly in KK and VMC clones (Table 4) .
Growth Performance
Leaf Area
The treatment of AMF inoculum application times interacted with the clones and increased the leaf area significantly at the age of 11 weeks after transplantation (Table 3 ). The change in leaf area varied among the clones and interacted with the time of AMF inoculum application.
jas.ccsenet.org Vol. 9, No. 4; Based on the results of this study, there was an interaction between clones and times of mycorrhizal application in the leaf area. The leaf area was significantly increased by mycorrhizal application in the nursery in case of Kidangkencana (KK), in the field in case of Bululawang (BL) or in both of them (VMC dan PS881) compared to control. It showed an increase of growth of shoots and the leaf area was restricted by a clone's genetic capacity (Table 5) . Note. The numbers followed by same letters in the same column are not significantly different based on Duncan's multiple range test at p < 0.05.
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Net Assimilation Rate (NAR)
PS864, KK, and BL clones with mycorrhizal application in the nursery has produced a NAR better compared to control (Table 5 ). The NAR reached the highest level at the age of 8 weeks after transplanting and declined thereafter.
Application of mycorrhiza in the nursery has produced the highest NAR at PS864, KK, PS881, and BL clones on the age of 5-11 weeks after transplanting. These results were unexpected by the level of the early colonies.
Crop Growth Rate (CGR)
CGR has increased linearly with the age of the plant up to the age of 11 weeks after transplanting. These results show an increase assimilates that produced the planting area per clump.The CGR has increased higher than controls and significantly different from control for each clone (Table 5 ).
Biomass Weight of Stem
The increase in the biomass weight of stem at the clones was significant by treatment of mycorrhiza (KK, BL, VMC clone) ( Table 5 ). The increase in biomass was positively correlated with infection of mycorrhiza (%) at the age of 5 weeks after transpanting, CGR, and NAR of the age of 11 weeks after transplanting with r 2 values of 0.54, 0.91, and 0.62, respectively.
Discussion
Application mycorrhiza inoculum at the nursery provided an opportunity for the mycorrhizal fungi to colonize the roots soon. The mycorrhiza entered the roots through the lateral roots and sustained in the intra-and intercellular spaces which caused a change in the cell wall and established the colonization (Bellone & de Bellone Silvia, 2012) . The mycorrhiza formed vesicles that facilitated carbon exchange between the two jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 4; organisms. Likewise, it formed arbuscules as organs of reproduction (Makarian et al., 2013; Schmitz & Harrison, 2014; F. A. Smith & S. E. Smith, 2011) , thus increasing the infection percentage.
However, the increase of mycorrhizal infection will reach a constant. The development of mycorrhizal infection on the root has reached the optimum at the age of 7-11 weeks after transplanting. Sieverding (1991) said that arbuscular formed after 2-5 days of penetration of interwoven hyphae form strong, growing around plasmalema cells. In addition, the elongation of the fungus in the roots and rhizosphere passed the exponential phase, and has entered a phase of lower growth or balance, "plateu fase". According to Sieverding (1991) , the exponential phase reaches a maximum of 40 days after infection.
On the treatment without mycorrhizal inoculation occurs mycorrhizal colonization. There may be indigenous mycorrhiza living in the control treatment area. From observations in the field, several types of indigenous mycorrhiza i.e. Glomus sp., Funneliformis sp., Acaulospora sp., Gigaspora sp., and Scutellospora sp. were observed. (Goltapeh, 2011) identified several genera of mycorrhiza in several clones of sugarcane, i.e. Glomus sp., Paraglomus sp., Pacispora sp., Kuklaspora sp. This is related to the level of dependence of mycorrhiza on plant. In the current study, the highest level of mycorrhizal dependence reached 94%, whereas the clones PS864, KK, PS881, and VMC reached 88.7, 78, 80.7, and 49.4%, respectively (unpublished data) .
Mycorrhizal dependence according to Gendermann (1975) was defined as the degree of mycorrhizal plants' capability to grow normally in adjunction to improve soil fertility. Wu et al. (2014) stated that the higher the mycorrhizal dependence on plants, the higher the possibility of mycorrhizal infecting the plant roots. Furthermore, the higher level of mycorrhizal infection on the roots of plants indicated that the rate of absorption of nutrients by the mycelium of mycorrhiza was increased by the expansion of the root surface, and resulting in the dry weight of plants growth. The amount of carbon transferred to the rooting system is positively correlated with the presence of vesicles in the rooting system (Fitter et al., 1998) .
In general, according to Javot et al. (2007) , the development of infection was already seen 6 days after inoculation in the form of arbuscular population. However, there were differences of infection rate as determined by host plant such as in the age and performance of plants (Nasim et al., 2008) as well as in the type of host plant (Hindumati & Reddy, 2011; Reece & Bonham, 1978) . Shaul-Keinan et al. (2002) reported that in tobacco, the infection percentage of mycorrhiza reached 40-50% at the age of 5 weeks after inoculation. Meanwhile, Aka-Kaçar et al. (2010) reported that mycorrhiza colony on the rooting system of cherry cuttings reached the highest at 16 weeks after inoculation.
Mycorrhizal inoculation early in the nursery increase the Pn in some clones (Bl and VMC). Several researches showed that plants inocculated with mycorrhiza had a high Pn (Birhane et al., 2012; Masri et al., 1999) . A better physiological capacity in symbiosis with arbuscular mycorrhiza (AM) is closely linked with an increased uptake of P and N (Corradi & Bonfante, 2012; Jan et al., 2014; S. E. Smith & F. A. Smith, 2012) , also Mg 2+ , K + , and Ca 2+ (Wu & Xia, 2006) . The N and Mg elements are needed for photosynthesis, while the K element has a role in stomatal adjustment. Ca is located in the middle lamella as calcium pectate that helps promote resistance against pathogenic fungi (Jamal et al., 2005) . Thus, genetically BL and VMC clones have better photosynthetic capacity in symbiosis with mycorrhiza.
The sugarcane clone with high Pn tended to show drought tolerance like other physiological parameter such as photosystem II (Ф PS II), and higher water content of leaf (Graca et al., 2010; Lu & Zhang, 1999; Zhao et al., 2010) . Clones with high Pn have a special protein expression called "heat shock protein", which is a protein in light reaction; chlorophylls a, chlorophylls b formation, and higher transfer electron Ngamhui et al., 2012) .
Mycorrhizal inoculation early in the nursery significantly increased Ci in BL clones. Zhao et al. (2010) reported that the Ci of sugarcane leaves increased significantly when the plants were stressed by drought, along with a decrease in Pn and transpiration. The high Ci of sugarcane leaves when stressed with drought showed that sugarcane was more efficient in utilizing limited CO 2 by decreasing stomatal conductivity and Pn . In such a condition, Ci in the leaf cell will become higher due to the removal of maleic acid in the bundle sheat cell (Goatly et al., 1975; Langdale, 2011) . High increase of CO 2 (102.7% above equilibrium) is used by sugarcane plants to increase the photosynthetic rate by 30%, plant height by 17%, and sugarcane biomass by 40% (De Souza et al., 2008) . Vu and Allen (2009) reported that two times increases of CO 2 concentration at a temperature of 6 °C caused a significant increase in the leaf area (50%), the dry weight of leaf (26%), the dry weight of the stem (84%), the juice volume of the stem (124%) compared with the control. Because the BL shows high Ci on mycorrhizal treatment in the nursery, it indicates that this clone is more tolerant in dry land.
The higher content of chlorophyll in sugarcane leaf in several clones without mycorrhiza was indicating that the chlorophyll content of leaves of plants genetically influenced by genetic factor (Table 3 ). According to Medeiros et al. (2013) , chlorophyll content of sugarcane is determined by varities. According to Zhao et al. (2005) , chlorophyll content is determined more by the content of N than P, and K. Meanwhile, the presence of mycorrhizae tends to increase the uptake of P for plants (Schachtman et al., 1998; S. E. Smith & F. A. Smith, 2012) .
The application of mycorrhizal since in the nursery also significantly increases the leaf area. Several researchers showed that mycorrhizal application significantly increased the leaf area in comparison with that of without mycorrhizal application (Al-Karaki & Clark, 1999; Melo et al., 1999; Gomez et al., 1999; Miranda et al., 2011) . Besides the influence of mycorrhiza, the sugarcane leaf area is determined by genetic factors of clone.
On the increase in leaf area, besides being affected by the shoots activity, the increase in leaf area significantly indicated an increase in roots activity. It is based on the difference in the growth of sugarcane shoots that is directly determined by the capacity of the rooting system (Smith et al., 2005; Ohashi et al., 2015) . The sugarcane growth was consistent with the functional equalibrium between roots and shoots (Smith et al., 1999) .
Mycorrhizal applications also significantly increased the NAR on several clones (PS864, PS881, and VMC) than without mycorrhizal application. The influence was mainly at the age of 8 and 11 weeks after transplanting or 3-4 months after planting. From the results of this study, the NAR at the age of 11 weeks after transplanting was positive with infection of mycorrhiza (%) with r 2 values of 0.38. These results are consistent with Miranda et al. (2011) reported that NAR of cape gooseberry has increased in early growth as a result of early growth and leaf formation, especially in plants inoculated with mycorrhiza.
NAR of clone VMC decreased at the age of 8 weeks, which suggested a drought stress. Erdei & Taleisnik (1993) argued that NAR was decreased due to the effect of dryland stress. Drought stress has decreased stomatal conductivity, relative water content (RWC), as well as the rate of photosynthesis (Pn) (De Almeida Graca et al., 2010) . Therefore, this has resulted in assimilating the resulting lower. Meanwhile in PS864, KK, PS881, and BL clones, the decline of NAR occurred later at the age of 9-10 weeks after transplanting. It showed that this clone was more tolerant on dry land compared with VMC.
Early mycorrhizal applications in the nursery significantly increased the CGR (PS864, KK, BL, and VMC clones). The clones with higher CGR with the application of mycorrhiza in the nursery stage was an indication of the adequate mutualistic interaction between mycorrhiza, and the plants which led to the increase of ratio dry matter in planted area. This indicates that the presence of mycorrhizal colonization in roots increases plant growth with a positive correlation r 2 values of 0.38. It refers to Chattha et al. (2007) who argued that the efficient utilization of applied inputs in a particular set of environments is reflected by the crop growth rate (CGR). Mycorrhizae which increased sugarcane CGR reported by Abdel-Fattah et al. (2014) a significantly increased rate of leaf area, shoot dry weight and root dry weight in the application of mycorrhiza. Shorgum crop increased the leaf area growth rate at 0.9 g inoculation mycorrhizal inoculum (Syvertsen & Graham, 1990) . Miranda et al. (2011) reported a plant Physalis peruviana L. inoculated mycorrhiza has improved the CGR (dry weight) 7% higher than control.
The increase of CGR may be due to the fact that mycorrhiza increased the absorption of carbohydrates (hexoses) of plants to the mycorrhiza in root (Pfeffer et al., 1999) . Furthermore, Mycorrhiza would increase the sink capacity in the rooting system, such as an increase in soluble sugars in the roots (Feng et al., 2002) , soluble proteins, the concentration of N and P on rooting cane (Abdel-Fattah et al., 2014) . The growth of sugarcane shoot is directly determined by the capacity of the rooting system (Smith et al., 2005; Ohashi et al., 2015) .
The increase of CGR on the sugarcane is influenced by the growth phase and different planting techniques (Chattha et al., 2007) . Morever, Chattha et al. (2007) reported that the maximum CGR was recorded in active growth stage (4 months after planting) and sowing in 120 cm apart trenches. At the age of 75 days after sowing is the tillering phase so that CGR is used to tillering (Samui et al., 2003) . Meanwhile in the results of this study, CGR was still increasing at age of 11 weeks after transplanting or 4 months after planting.
There was interaction between clones and timing of mycorrhiza application on stem weight (stem biomass). However, the presence of these interactions shows the difference in the ability of clones in the physiological processes by the presence of mycorrhizae that can be termed as mycorrhizal responsiveness. From several researches, components of the leaves and stems of sugarcane are influenced more by genetic factors (Aboagye et al., 2003; Silva et al., 2008) . Meanwhile, the mycorrhizal responsiveness is one unit result arising from the interaction between plants and mycorrhizal genus, in this case the dry weight or biomass (Baon et al., 1993; Janos, 2007) . Bellone and de Bellone Silvia (2012) reported that mycorrhizal inocculation of Glamos intrarradix and Azospirillum brasilense significantly increased the sugarcane biomass 20 days after inocculation. In addition, the increase in biomass is due to a significant increase in the allocation of carbohydrate uptake into the roots Valle et al., 2009; Sgrott et al., 2012) . The amount of carbon transferred to the rooting system is positively correlated with the presence of vesicles in the rooting system (Fitter et al., 1998) . The vesicles facilitate the exchange of carbon between the host plant and mycorrhiza (Makarian et al., 2013; F. A. Smith & S. E. Smith, 2011 ).
In the current study, increasing in biomass was positively correlated with infection of mycorrhiza (%) at the age of 5 weeks after transpanting, CGR, and NAR at the age of 11 weeks after transplanting with r 2 values of 0.54, 0.91, and 0.62, respectively.
Conclusion
In increasing the growth of sugarcane in dry land, the application arbuscular mycorrhiza since the nursery has accelerated the infection by 41.33% (1 week after transplantation) and has increased the percentage of mycorrhizal infection by 83.33% (5 weeks after transplantation). There are differences in physiological and growth performance of clones by the effect of timing of mycorrhizal application. Bululawang with mycorrhizal applications in the nursery tend to have better physiological performance such as chlorophylls a, b, and total chlorophyll, Photosynthesis rate (Pn), intercellular CO 2 concentration (Ci), leaf area, and the weight of stem biomass. Mycorrhizal application in the nursery produces the highest of NAR on the PS864 and BL clones, and the highest of CGR on the PS864, KK, and BL clones.
